classical gas dynamics is very successful by describing the gas with very few moments. More moments should give an even better approximation of f , thus better describing non-equilibrium processes.
Moment equations in kinetic gas theory have seen a turbulent life. After being discarded by Grad himself due to bad performance, they were later accused of many other deficiencies, often wrongly. Popular objections are (see e.g., [8] ): complexity of the equations, no relation to the Knudsen number, the need of many moments for strong non-equilibrium, lack of boundary conditions, lack of global hyperbolicity, prediction of non-physical sub-shocks, lack of thermodynamic backing by an entropy law. However, especially in recent years most of the objections could be pushed aside by refined modeling and a better understanding of the nature of moment equations.
Using many different applications, the work of Ingo Müller and his colleagues [9] demonstrates that moment equations are a capable tool to predict non-equilibrium processes if sufficiently many moments are considered. They also demonstrate a close link between moment equations and the constitutive theory of thermodynamics based on the exploitation of the entropy law. Levermore [10] gave a partial answer to the question of hyperbolicity of larger moment equations. Many other works exist considering computational and analytical investigations of moment equations, see e.g., [11] [12] [13] [14] and the references in the papers of this issue.
In order to improve the accuracy of equations using only few moments several attempts tried to combine the approaches of Grad with the expansion of Chapman-Enskog [15, 16] . The work in [17] presents the regularized 13-moment equations directly derived from Boltzmann's equation, which finally overcome the sub-shock problem, maintain stability and strongly increase the accuracy of the classical 13-moment-equations. Finally, boundary conditions for moment equations had been originally given already by Grad and pioneered by Gu and Emerson [18] for regularized moment equations. By now these have been further refined so that it is now possible to write down well-posed boundary value problems for (linear) moment equations as shown in the papers of this issue.
In my opinion there are two important facts which are often neglected when estimating the advantages of moment equations. When compared to natural alternatives for simulating non-equilibrium flows, e.g., direct Boltzmann solvers or Monte-Carlo simulations, one has to keep in mind that a 13-moment-system describes the state of the gas by using only 13 real field variables in each space point. This contrasts direct discretizations of Boltzmann's equation which very often use 10 4 and more points to represent the distribution function, hence the state of the gas, in each space point. In a way, the values of the 13 moments encode the distribution function in a highly efficient compression. Furthermore-and this is the second fact-moment equations come as partial differential equations based on fluid dynamic variables like velocity and stress tensor. As such, they allow analytical solutions to be found and investigated leading to an increase in intuition based on mathematical insight, see various papers of this issue. In a time where computational models become increasingly complex but the results do not necessarily lead to a better actual understanding of the process, I consider this feature invaluable.
The papers in this and the following volume demonstrate impressively what can be achieved by moment methods and at the same time tackle the remaining open problems. Boundary value problems are investigated analytically in the papers of Gu et al. [19] and Taheri et al. [20] , for regularized moment equations, as well as for the full moment hierarchy by Santos [21] . The papers of Groth and McDonald [22] and Suzuki et al. [23] discuss computational aspects of moment equations, while special variants of the moment method are investigated by Myong [24] and Frezzotti et al. [25] . In the papers by Bennoune et al. [26] and Seibold and Frank [27] , this issue reaches out to hybrid kinetic discretizations and modeling of radiation, two fields with direct relations and impact to moment methods. The special issues were made possible through the support of the journal 'Continuum Mechanics and Thermodynamics', especially Editor-in-Chief Stefan Seelecke, and Managing Editor Wolfgang Müller, to whom I would like to express my gratitude also in the name of all authors. Special thanks go to my colleague Kun Xu from Hong Kong UST for bringing up the original idea of a meeting on moment methods.
